Introduction
At large separations static color sources of non-vanishing N-ality give rise to gluonic flux tubes and a linearly rising potential. This behavior is caused by the non-perturbative QCD-vacuum which compresses the gluonic flux. Center vortices [1, 2] ,quantized magnetic flux lines, play an important role for the confinement of color charges, as has been shown by numerical calculations [3] . In addition, simulations have indicated that vortices could also account for phenomena related to chiral symmetry, such as topological charge and spontaneous chiral symmetry breaking (SCSB) [4, 5] . It is well-known that these non-perturbative features of QCD are intimately linked to the properties of the low-lying spectrum of the Dirac operator. The topological charge of a gauge field equals the index of the Dirac operator, while the chiral condensate, the order parameter for SCSB, is proportional to the spectral density of the near-zero modes. With the advent of the overlap operator [6, 7] , the fundamental problems of investigating chiral features on the lattice have been overcome. The overlap operator has an exact chiral symmetry [8] , implements a lattice version of the index theorem [6] , and may even be used for the definition of a local topological charge density [4] . We work with SU(2) gauge fields on lattices with N s sites in the x-, y-and z-direction, and N t sites in the t-direction. In four dimensions vortices form closed two-dimensional surfaces. We investigate thick classical center vortices in the shapes of planes (closed by lattice periodicity) and spheres. The details of the individual vortex types will be discussed along with our results. We report on our calculations with the overlap operator applied to thick classical center vortices. We investigate the localization of zero-modes with respect to the position of the thick vortices and find an interesting discrepancy in the topological charge determined by different methods.
Topological Charge
We compare different definitions of the lattice topological charge:
(1) The topological charge determined from the shape of P-vortices, that means from vortex intersections and writhing points according to ref. [4] .
(2) The index of the overlap Dirac operator [6, 7] . According to the Atiyah-Singer index theorem, which holds for continuous fields, the topological charge is given by the index
where n − and n + are the number of left-and right-handed zero modes [9] .
The overlap Dirac operator is defined by
Here, ǫ is the sign function, The diagonalization of the overlap operator yields the corresponding Dirac zero modes with well-defined chirality properties. We further look at the distribution of the scalar fermionic density
where the summation indices c and d refer to color and Dirac indices of the eigenvectors v, respectively, and the left-or right-handed chiral densities
where only zero-modes of the corresponding chirality contribute. When the zero modes of a specific chirality are degenerate, in general the scalar density of individual modes does not respect the symmetry of the system, whereas the sum of the densities of all degenerate modes does.
(3) The integral (sum) of the gluonic charge density q(x) = 1 16π 2 tr(F µνFµν ) in the "plaquette" and/or "hypercube" definitions on the lattice, see ref. [10, 11] . Since Monte-Carlo configurations are in general too coarse, these definitions are usually only applied after cooling.
Numerical Results

Plane vortices
The construction of planar vortices is explained in [12] . We use periodic boundary conditions where plane center vortices always come in pairs. All three definitions of Q yield identical results for all configurations containing only plane vortices.
As an example, we show in Fig. 1 some diagrams for two orthogonal pairs of plane vortices on a 12 4 lattice, which intersect in 4 places. The left picture shows the position of the P-plaquettes after going to maximal center gauge and center projection. One vortex pair extends in x-y-planes, the other pair in z-t-planes. The short pieces of lines attached to the vertical line symbolize the extent of the z-t-vortices in time-direction. The diagram in the middle of Fig. 1 shows an equi-density surface of the topological charge density determined in the plaquette definition and the right diagram shows an equi-density surface of the scalar fermionic density. 
Spherical Vortices
A further interesting type of vortices are non-abelian spherical vortices. They have the color structure of a hedge-hog (see Fig. 2 , left picture) and the links of such a vortex cover the whole SU(2) gauge group, not only a U(1) subgroup as the above plain vortices do. We can choose non-trivial time-like links in one-time slice only, which vary in space direction with a profile function 0 ≤ α(r) ≤ π monotonically increasing with r up to some distance smaller than half the spatial extent of the lattice (see Fig. 2 , right picture) and a color direction given by the unit vector in r-direction, n = r/r, U µ (t, r) = exp{iα(r) n( r) σ}, for t = 0 and µ = 0 1 else. The color structure of such a spherical vortex is depicted in the left diagram of Fig. 3 . This vortex is non-orientable, after center projection it gets a spherical P-vortex and after Abelian projection the corresponding sphere is surrounded by a circular monopole current. The path of this circular current is arbitrary and depends on the U(1)-color direction which is used for abelian projection. But even more astonishing, we find in calculations on lattices up to volumes of 40 3 * 3 a single exact zero-mode which is localized outside the spherical vortex (see Fig. 4 
This shows that the lattice index theorem in this case is not fulfilled. This result was recently presented at an international conference and has stimulated considerable discussion about the above discrepancy. A corresponding article is in preparation.
